A Ramel, FD Gudmundsdottir and I Thorsdottir BACKGROUND/OBJECTIVES: The aim was to investigate the effects of a conventional and an unconventional fast-food meal on postprandial metabolism in normal and in overweight subjects. SUBJECTS/METHODS: Twenty-five healthy normal (n ¼ 12) and overweight (n ¼ 13) volunteers (21-39 years) participated in this randomized, dietary cross-over study and received two test meals (matched in energy and energy giving nutrients) after an overnight fast with 1 week between test days. The conventional fast-food meal was a hamburger meal (hamburger, bacon, cola drink, calculated glycemic load ¼ 48.7), the unconventional fast food was a salmonburger meal (fiber-rich sourdough rye bread, salad with vinegar, orange juice, glycemic load ¼ 46.0). Blood samples were taken before and after the meal and analyzed for glucose (before 20, 40, 60 and 80 min) and insulin (before 1, 2 and 3 h). RESULTS: Postprandial increases in glucose and insulin were 44% lower after the unconventional meal (Po0.001 and P ¼ 0.003, respectively). The difference between meals in insulin response (that is, conventional meal higher than unconventional) correlated with body mass index (BMI) (r ¼ 0.538, P ¼ 0.006). CONCLUSIONS: Unconventional fast food can have less effect on blood insulin and glucose postprandially compared with conventional fast food matched in energy and energy giving nutrients. The difference between meals in insulin response is associated with higher BMI. Thus, improvement in food quality might help to control postprandial increases in blood glucose and blood insulin.
INTRODUCTION
Dietary intake, physical inactivity, smoking, and obesity affect cardiovascular risk. 1, 2 Prospective studies indicate that lower consumption of trans 3 and saturated 4 fatty acids, but higher consumption of unsaturated fatty acids, whole grains, legumes, cereal fiber, fruits and vegetables as well as fish [5] [6] [7] reduce cardiovascular risk. Information about the effects of dietary components on cardiovascular risk factors was mainly derived from studies investigating the effects of dietary components on blood measures in fasting state. However, it has been recognized that most of the population is in an almost constant postprandial state during day time. 8, 9 This is of importance, because it is now generally accepted that each meal provokes postprandial changes in metabolism, which potentially affect disease risk. [8] [9] [10] For example, postprandial hyperglycemia has been discussed to play a part in the etiology of obesity, metabolic syndrome, diabetes and heart disease. [11] [12] [13] [14] The glycemic index (GI) measures the effects of carbohydrates in food on blood sugar levels. Research has identified a range of food-related factors known to affect the GI of food and thus postprandial hyperglycemia, but has focused on single nutrients or food items rather than on mixed meals. [15] [16] [17] [18] [19] It is interesting to investigate how various factors in combination affect GI, for example, within a fast-food meal. Fast food is popular and worldwide sales are enormous. 20 Thus, favorable changes in fast-food composition might affect a large number of consumers. Unfortunately, fast food is often composed in an unfavorable way, that is, high in simple carbohydrates, low in fiber or whole grain and high in GI. 21 The aim of the present study was to investigate the effects of a conventional and an unconventional fast-food meal on postprandial metabolism with focus on blood glucose and insulin in normal and in overweight subjects. Both meals were composed to contain the same amounts of energy, proteins, digestable carbohydrates and fat; however, fatty acid composition, dietary fiber content and vegetable content were altered in the unconventional fast-food meal. Additionally, effects of both meals on satiation and satiety as well as on palatability and willingness to buy were investigated.
MATERIALS AND METHODS Subjects
The study was conducted at the Unit for Nutrition Research in Reykjavik, Iceland. A total of 25 healthy volunteers, aged 21-39 years, participated in this randomized, experimental, dietary cross-over study (Table 1) . Exclusion criteria were cardiovascular disease, diabetes, pregnancy or lactation, intolerance to fish, meat, milk or wheat or drug treatment for hypertension or hyperlipidemia. Written informed consent was obtained from all participants and the study followed the Helsinki guidelines and was approved by the National Bioethics Committee.
Study design and test meals
The participants received the two test meals after an overnight fast with 1 week between the test days. The participant received the meals in randomized order. The conventional fast-food meal was a hamburger meal, consisting of a 100-g beef (fried in margarine), with 78 g of burger bread, 15 ml sweet mustard, 30 ml ketchup, 14 g of cheese (30% fat content), 20 g of fried bacon, 40 g tomatoes, 5 g lettuce and 330 ml Pepsi Cola. The unconventional fast food was a salmonburger meal. The salmonburger was made of 100 g salmon, 15 g sweet mustard, 10 g breadcrumps and 20 g red onion and was then fried in Isio 4 oil (Lesieur, Paris, France). The burger bread was 56 g fiber-rich sourdough rye bread (Rågkusar, Fazer, Sweden), with 30 g light mayonnaise, 15 g ketchup, 40 g tomatoes and 10 g lettuce. On the side were 40 g tomatoes, 40 g lettuce and 35 g yellow pepper with 7 g Isio 4 oil (Lesieur) and 5 g red wine vinegar and 330 ml orange juice (unsweetened, reconstituted concentrate) to drink. The meals were prepared by the investigators. The subjects consumed the meals within 10 min. During the experiment, participants could read or chat, but were physically inactive.
The rationale for the unconventional meal was that its composition was based on having typical Nordic (but not exclusively) ingredients with the potential to affect postprandial hyperglycemia and/or being regarded generally as healthy (rye, fiber rich, sourdough, salmon, vinegar, salad side dish, canola-based oil). The conventional meal was a cheese-bacon-burger that was arranged to be matched in energy, total protein, digestable carbohydrates and total fat.
The dietary composition of the meals was calculated using the Icelandic Nutrition Database and from information given by the producers ( Table 2) . The meals matched almost in energy, protein, carbohydrate and absolute fat content, but the salmonburger meal was improved compared with the hamburger meal with regards to fatty acid composition, dietary fiber, folic acid and vitamins C and D. The percentage of calories from carbohydrate, protein and fat was 41, 17 and 42% for the conventional meal and 42, 16 and 42% for the unconventional meal. The GI of the meals was calculated using information from various databases. [22] [23] [24] When a food item was not present in the databases, the otherwise closest match was used. When a food item had a number of GI values, the average value was calculated. Glycemic load was defined as the grams of available carbohydrate in the food Â the food's GI/100.
Visual analog scales
Visual analog scales were used to estimate palatability, opinions and attitudes toward the meals and willingness to buy on separate 100 mm scales. The potentional values on these scales range from 0 up to 100, where 0 or low values in general mean that a subject answered the corresponding question in a negative way (for example, did not like it at all, portion size too small, fat/fiber content not enough, not healthy at all) and 100 or high values in general mean that a subject answered the corresponding question in a positive way (liked it very much, portion size to big, fat/fiber content to much, very healthy). Detailed information for each question can be found in the footnotes of Table 4 . These questions were answered immediately after the meal.
Blood samples and laboratory measurements
Blood samples were taken from a vein in the cubital fossa at baseline and then 1, 2 and 3 h after ingestion of the test meals and analyzed for insulin by the laboratory of the Landspitali-University Hospital in Reykjavik, Iceland. Blood glucose was measured at baseline, 20, 40, 60 and 80 min after each meal using a finger prick test (Accu-Check, Roche Diagnostics GmbH, Mannheim, Germany).
Anthropometric measurements
Anthropometric measurements (body weight, body height, waist circumference and body composition) were done at both test days using standard procedures. The values shown in Table 1 are mean values from both measurements. Body weight was measured in light underwear on a calibrated scale (SECA 708; Seca, Hamburg, Germany). The subjects' height was measured with a calibrated stadiometer (model no. 206; Seca). For the measurement of waist circumference subject stood erect with the abdomen relaxed, arms at the sides, feet together and with their weight equally divided over both legs. The lowest rib margin was first located. Then, the iliac crest was palpated in the midaxillary line. An elastic tape was then applied horizontally midway between the lowest rib margin and the iliac crest, and tied firmly so that it stayed in position around the abdomen about the level of the umbilicus. Body composition was measured using bioelectrical impedance analysis (BIA, Bodystat 1500; Bodystat Ltd, Douglas, Isle of Man, British Isles).
Statistical analysis
The data were entered into the SPSS statistical package, version 11.0 (SPSS, Chicago, IL, USA). Data are described as mean, s.d. and/or s.e.m. Data were checked for normality using the Kolmogorov-Smirnov test. Differences between meals were calculated using paired samples t-test, except for tmax where Wilcoxon test was used. The differences in baseline characteristics between normal weight and overweight participants were calculated using independent samples t-test and Mann-Whitney U-test (for high sensitive c-reactive protein). Bonferroni correction was used for multiple testing. Incremental area under the curve (AUC) for blood glucose and blood insulin was calculated using the trapezoid rule as outlined in the FAO Food and Nutrition Paper-66. 25 Correlation between body mass index (BMI) and AUC was tested using Pearson correlation coefficient r. A P-value of o0.05 was regarded as statistically significant.
RESULTS
All 25 participants finished the study. Baseline values are shown in Table 2 . Twelve participants were normal weight and thirteen participants were overweight or obese. 
There were postprandial increases in glucose and insulin with significant differences between meals (Table 3 ; Figures 1 and 2) . A subgroup analysis for normal weight, overweight and obese participants (Table 3) indicates that the differences were more pronounced in obese participants, however, it should be mentioned that there were only five obese participants that makes data interpretation difficult. The correlation between BMI and AUC insulin/meat was r ¼ 0.462, P ¼ 0.020, the correlation between BMI and AUC insulin/fish was r ¼ 0.185, P ¼ 0.377. The difference between meals in AUC insulin (that is, conventional meal higher than unconventional) correlated also with BMI (r ¼ 0.538, P ¼ 0.006) (Figure 3 ). There were no significant differences between female and male participants (results not shown).
Hunger was decreased immediately after the meals compared with baseline (Po0.001), but increased then gradually from 30 to 180 min after the meals. There was a difference between the conventional and unconventional meals in hunger immediately after the meals (P ¼ 0.028); however, this was mostly explained by Fast food and postprandial metabolism A Ramel et al differences at baseline and did not stay significant after Bonferroni correction for multiple testing. Visual analog scales estimates on palatability, opinions and attitudes toward the meals and willingness to buy are shown in Table 4 . Normal weight and overweight participants did not answer these questions differently.
DISCUSSION
In the present study, we investigated the effects of a conventional and an unconventional fast-food meal on postprandial metabolism and the participants' opinions on these two different types of fast food. The main results were that (1) the unconventional fastfood meal had around 44% less effect on both blood insulin and glucose postprandially compared with the conventional fast-food meal and (2) the higher AUC insulin after the conventional meal was associated with higher BMI. Additionally, the participants, who were regular fast-food eaters, rated the two fast-food meals to be similar in palatability.
In general, there is only a limited amount of studies available that investigated the postprandial effects of different mixed meals (as compared with single nutrients). Rudolph et al. 26 investigated the acute effects of three different fast-food meals (conventional beef burger, fries and carbonated soda; vegetarian burger, fries and carbonated soda; vegetarian burger, salad, fruit, yogurt and orange juice) on postprandial metabolism. There was no difference in plasma glucose, plasma insulin or in flow-mediated endothelium-dependent dilatation. 26 In the study by Bray et al., 27 six overweight men received (1) a fast-food meal consisting of a burger, french fries and root beer sweetened with high fructose corn syrup; (2) an organic beef meal prepared with organic foods and a root beer containing sucrose and (3) a turkey meal consisting of a turkey sandwich and granola made with organic foods and an organic orange juice. The pattern of nutrient and hormonal responses was similar for a given subject to each of the three meals. The only statistically significant acute difference observed was a decrease in the AUC of low density lipoprotein cholesterol after the organic beef meal relative to that for the other two meals which was explained by the lesser amounts of saturated and trans fatty acids than in the fast-food beef meal. In the current study, the differences between meals in postprandial insulin and glucose were more than expected, considering that the GL of the meals differed by 5.5% only, but the AUC responses by 44%, which indicates additive effects of the single components in the unconventional fast-food meal, that is, vinegar, fermented rye bread, dietary fiber and salad side dish. Several studies have investigated the effects of vinegar on postprandial insulin and glucose and found that vinegar ingestion with a meal reduced postprandial insulin and glucose, although our dose of vinegar (5 g) was small compared with doses used in other studies, for example, between 18 and 28 g, [28] [29] [30] and probably does not entirely explain the observed differences.
Fermented, fiber-rich rye bread was part of the unconventional meal in our study and data from GI databases [22] [23] [24] show that such a cereal product often displays low GI. It has been reported that sourdough fermentation during bread production increases the amount of lactic acid which in turn can decrease postprandial glucose and insulin rise. 31, 32 Beside the amount of fiber, 33 also the structure of a rye may explain the low postprandial response to rye bread. 34 We do not think that the differences in fatty acid compositions between the meals explain the differences observed in postprandial glucose or insulin. In general, regular consumption of, for example, fish liver oil can improve parameters of glucose metabolism; 35 however, there is discrepancy between studies investigating whether long chain n-3 fatty acids have an acute postprandial impact on glucose and insulin levels. Most studies did not find a significant effect. [36] [37] [38] [39] [40] In our study, differences in blood glucose were observed after such short time (see Figure 1) where fat absorption had most likely not even started and thus fatty acids have not entered systemic distribution.
We do neither think that the ingestion of a sweetened cola drink used in the conventional hamburger meal explains entirely Figure 3 . Associations between BMI and AUC insulin difference between meals. The conventional meal produced a higher insulin response than the unconventional meal (measured as AUC in mU/l Â min). The difference (conventional À unconventional meal) correlated with BMI (r ¼ 0.538, P ¼ 0.006). Fast food and postprandial metabolism A Ramel et al the differences in postprandial glucose or insulin. According to available information, 22 ,23 a sugar sweetened cola drink has only an B10% higher GI than unsweetened orange juice (reconstituted concentrate), which was used in the unconventional fast-food meal.
Our study agrees with research that shows that there is poor agreement between predicted and measured GI in mixed meals. 41 The limited amount of food items available in GI databases, regional differences in food composition and cooking techniques as well as interactions between food items or ingredients can explain part of this inadequacy. It has also been reported that there is quite a substantial inter-laboratory difference in GI estimates (for example, 30 GI unit difference between rice and spaghetti), showing methodological difficulties in the measurement of GI and in turn potentionally leading to erroneous food table data. [42] [43] [44] Our study shows that the effects of different meals on postprandial glucose metabolism can be considerably different despite a similar energy, carbohydrate, protein and fat contents of the meals and thus a conscious choice might help to control postprandial blood glucose and blood insulin.
In the present study, the conventional meal had more effect on the insulin response than the unconventional. This difference between meals was related to BMI (see Figure 3 ). The differences in postprandial glucose metabolism were mainly seen in the conventional meal, but were comparable between normal weight and overweight participants in the unconventional meal. In general, it is known that increased BMI is associated with accentuated postprandial responses in addition to elevated indices in the fasting state and it seems that in particular visceral adipose tissue accumulation is an important factor involved in the deterioration of postprandial metabolism. 45 
Limitation
The participants were volunteers and regular fast-food eaters, thus estimates on palatability and willingness to buy cannot be extrapolated to the general population.
Conclusion
Unconventional fast food, which contains rye sourdough bread, salmon, vinegar and vegetables, has around 44% less effect on blood insulin and glucose postprandially compared with conventional fast food matched in energy and energy giving nutrients. Higher differences between meals in insulin response are associated with higher BMI. Thus, improvement in food quality might help to control postprandial increases in blood glucose and blood insulin.
